Introduction {#S0001}
============

Despite advances in treatment, lung cancer remains the leading cause of cancer-related deaths in humans. Approximately 25--30% of non-small-cell lung cancer (NSCLC) patients are diagnosed at a locally advanced stage (IIIA or IIIB), and postoperative 5-year survival rates range from 13% to 42.8%.[@CIT0001]--[@CIT0003] Based on several prospective clinical trials that have validated the survival benefit of concurrent chemoradiotherapy over radiotherapy alone[@CIT0004] or chemotherapy followed by sequential radiotherapy for stage IIIA (N2) NSCLC.[@CIT0005],[@CIT0006] However, stage IIIA (N2) NSCLC patients have heterogeneous disease presentation,[@CIT0007] the value of postoperative adjuvant radiotherapy(PORT) for completely resected NSCLC remains controversial, as the effect on survival has been inconclusive.[@CIT0008]--[@CIT0010] A secondary analysis of a prospective trial illustrated the benefit of adding PORT in pN2 disease regardless of chemotherapy use,[@CIT0011] this has been supported by multiple high-volume retrospective investigations.[@CIT0012] Furthermore, whether epidermal growth factor receptor (EGFR) mutation is associated with long-term survival in patients with Completely Resected Pathologic IIIA(N2) NSCLC is unclear. The purpose of this study was to explore the relationship between EGFR mutation status and long-term survival with combined chemoradiation.

Methods and materials {#S0002}
=====================

Patient selection {#S0002-S2001}
-----------------

One hundred and fifteen stage with pathological stage IIIA(N2) NSCLC were surgically treated at the Shandong Cancer Hospital and Institute (Jinan, China) between March 2011 and December 2015 were retrospectively reviewed. Histology and fluorodeoxyglucose positron emission tomography computed tomography (FDG-PET/CT) confirmed the staging of all patients. The median follow-up time was 34.2 months (range 3.5--42.7 months).

Each patient received postoperative adjuvant chemotherapy. The inclusion criteria for the postoperative radiotherapy and chemotherapy group (PORCT) groups and the postoperative chemotherapy group (POCT) groups were the same, as follows: complete surgical resection through either lobectomy or pneumonectomy; systematic nodal dissection, a minimum of three N2 stations sampled or complete dissection (one of which must be the subcarinal station); and histologically proven NSCLC of stage pT1-3N2M0 (according to the TNM classification in the UICC 7th ed).[@CIT0013],[@CIT0014] Patients who received neoadjuvant therapy (chemotherapy and/or radiotherapy), showed evidence of metastatic disease or presented with previous malignancy were excluded. Patients with EGFR mutations receiving tyrosine kinase inhibitor (TKI) treatment after surgery were also excluded. Then, the EGFR mutational states of the two groups were compared.

Ethical approval {#S0002-S2002}
----------------

The study was approved by the Ethics Committee of Shandong Cancer Hospital and Institute. All procedures performed in the studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. Written informed consent was obtained from all patients before their participation in this clinical research, and their data are used for future research.

Grouping {#S0002-S2003}
--------

Of the 115 patients, the 15 (13%) patients who composed group A received PORCT and had EGFR mutations, the 31 (27%) patients who composed group B received PORCT and had wild-type EGFR, the 21 (18%) patients who composed group C received POCT alone and had EGFR mutations, and the 48 (42%) patients who composed group D received POCT alone and had wild-type EGFR.

EGFR mutation detection {#S0002-S2004}
-----------------------

The test specimens were collected during surgery; EGFR mutations were detected by fluorescence quantitative polymerase chain reaction (PCR), and the positive specimens were confirmed by gene sequencing. Exons 18, 19, 20 and 21 of the EGFR gene were tested in 115 surgical specimens.

Patient evaluation {#S0002-S2005}
------------------

The pretreatment assessments typically included clinical evaluations, blood tests, CT scans of the chest, bronchoscopy, ultrasound or abdominal CT, brain magnetic resonance imaging (MRI), and bone scans. The patients were followed up every 3 months for 2 years after surgery and then followed up every 6 to 12 months. The regular follow-up evaluations included a physical examination, determination of World Health Organization (WHO) Performance Status (PS), biological assessment, chest X-ray, chest CT scan, bronchoscopy, abdominal ultrasound or CT scan, and bone scan.

Disease recurrence at the surgical margin, ipsilateral hilum, and/or mediastinum was considered a local-regional failure.[@CIT0014] All other sites of failure, including the supraclavicular zone, contralateral hilum and distant organs, were considered distant metastasis.[@CIT0015],[@CIT0016]

Surgery {#S0002-S2006}
-------

In our analysis, positron emission tomography (PET)-CT scans were used as part of the routine preoperative work-up. All thoracic surgeons performed thoracotomy and mediastinal lymphadenectomy in a similar manner. All patients underwent systematic and complete mediastinal lymph node dissection or sampling. Systematic sampling was defined as the routine removal of at least one lymph node from each of the lowest levels. The lymph nodes at levels 5, 6 and 7 (at least) were sampled during the left thoracotomy or dissected completely, while those at levels 4 and 7 were sampled during the right thoracotomy. A total of 3\~20 N2 lymph nodes were taken, with an average of 6 lymph nodes.

Postoperative chemotherapy {#S0002-S2007}
--------------------------

Platinum-based chemotherapy was administered with a median of four cycles and was given with radiotherapy or alone. A total of 63 patients received gemcitabine (1,000 mg/m^2^ intravenously on days 1 and 8) and cisplatin (40 mg/m^2^ intravenously on days 1--3) for a median of four cycles (range, two to five); 52 patients received pemetrexed (500 mg/m^2^ intravenously on day 1) and cisplatin (40 mg/m^2^ intravenously on days 1--3) for a median of four cycles (range, two to five). Platinum-based chemotherapy was administered with a median of four cycles and was given with radiotherapy or alone.

Postoperative radiotherapy {#S0002-S2008}
--------------------------

Of the 115 patients, 46 received adjuvant PORT. Radiation was delivered with 6 to 8 MV X-rays at 1.8--2Gy per fraction, 5 days per week, for a total dose ranging from 48Gy to 54Gy and a median dose of 50Gy. The clinical target volume (CTV) for treatment generally included the mediastinum and ipsilateral portal (based on a postoperative CT scan of the anatomical markers). The planning target volume (PTV) was defined as the CTV plus 0.5--0.8 cm margins. The tumor bed was included only if invasion of the parietal pleura was documented in the operative report. The exact location of the visual field boundaries varied from case to case and depended on the postoperative displacement of the mediastinal structures. The respective 99% PTVs had to be covered by the 95% prescription dose, and the 95% PTVs had to be covered by the 100% prescription dose[@CIT0014] The dose limits for the peripheral normal organs were as follows: the maximum dose for the spinal cord was less than 45Gy; the mean lung dose was less than 15Gy, and less than 25% of the lung volume received 20Gy (V20); and the mean cardiac dose was less than 30Gy.

Statistical analyses {#S0002-S2009}
--------------------

All statistical analyses were conducted using SPSS for Windows, version 20.0 (IBM Corporation, Armonk, NY, USA). OS was measured from the day of surgery to the date of death from any cause or the last follow-up. Progression free survival (PFS) was calculated from the day of surgery to the date of confirmed progression or death from any progression. If the complete survival time of a patient was impossible to obtain or if the disease did not progress, the patient status was assumed at the last known survival and/or contact date.

The PFS and OS rates were estimated using the Kaplan-Meier method, and log-rank tests were used for the univariate analysis. Variables that showed significant associations in the univariate analysis (*p*\<0.05) were included in a multivariate stepwise backward Cox regression model to validate their independent prognostic values. Differences were assumed to be significant when a *p*-value of \<0.05 was achieved.

Results {#S0003}
=======

Patient characteristics {#S0003-S2001}
-----------------------

A total of 115 patients were enrolled in the trial between May 2011 and July 2015, comprising 80 (69.0%) males and 35 (31.0%) females with a median age of 60 years (range 31--70 years). A total of 61 (53%) patients had a performance score (PS) of 0, a total of 47 patients (41%) had a PS of 1, and a total of 7(6%) had a PS of 2. In total, 54 (47%) patients never smoked, and 61 (53%) patients either previously smoked or were current smokers. A total of 37 (32%) patients were stage T1N2, a total of 66 (57%) patients were stage T2N2, and another 12 (11%) patients were stage T3N2. The predominant histological type was adenocarcinoma (65%), with a small representation of squamous carcinoma (30%). A total of 36 (31%) patients had EGFR mutations, and 79 (69%) patients had wild-type EGFR. In total, 74 (64%) patients received chemotherapy for more than 4 cycles. The characteristics of the patients are shown in [Table 1](#T0001){ref-type="table"}.Table 1Baseline characteristics of the 115 patientsClinical featureTotal (%)PORT(%)Non-PORT(%)All patients115(100)46(100)69(100)GenderMale80(69)34(74)46(67)Female35(31)12(26)23(33)Age (years)\<6063(55)31(67)32(46)≥6052(45)15(33)37(54)ECOG scores061(53)30(65)31(45)147(41)14(30)33(48)27(6)2(5)5(7)Smoking statusNever-smoker54(47)23(50)21(30)Previous or current smoker61(53)23(50)39(70)Histological subtypeAdenocarcinoma75(65)31(67)44(64)Squamous carcinoma34(30)12(26)22(32)Others6(5)3(7)3(4)EGFR mutationsMutant36(31)15(33)21(30)Wild type79(69)31(67)48(70)Pathological stagePT1N237(32)12(26)25(36)PT2N266(57)30(65)33(48)PT3N212(11)4(9)8(11)Type of surgeryLobectomy91(79)40(87)51(74)Sleeve lobectomy13(11)6(13)7(15)Pneumonectomy11(10)0(0)11(16)Cycles of POCT\<441(36)18(39)23(33)≥474(64)38(61)46(67)Number of total involved nodes\<2431330≥2723339

Analysis of predictors for survival {#S0003-S2002}
-----------------------------------

The prognostic factors of all patients are summarized in [Table 2](#T0002){ref-type="table"}. In univariate analysis, smoking status, EGFR mutation status, number of chemotherapy cycles (\>4 vs ≤4), number of total involved nodes (\<2 vs ≥2), and planned radiotherapy had predictive value for both OS and PFS.Table 2Univariate analysis of PFS and OS according to baseline characteristicsVariablesPFSOSHR95%CI*P*-valueHR95%CI*P*-valueGender0.9540.608--1.4960.8381.0450.670--1.6320.845MaleFemaleAge(years)1.5721.040--2.3740.0322.0661.367--3.1220.001\<60≥60Smoking status0.8400.545--1.2470.0360.7050.463--1.0740.011Never-smokerPrevious or current smokerHistological subtype1.2440.784--1.9740.6961.0760.690--1.6770.560Non-squamousSquamousEGFR mutations0.8290.528--1.3000.0040.6690.417--1.0730.025MutantWild typePathological stage0.9410.623--1.4410.7900.8720.66--1.540.512PT1N2PT2N2PT3N2Type of surgery1.5661.066--2.2990.0221.2150.806--1.8310.231LobectomyPneumonectomyCycles of POCT0.5980.432--0.8270.0020.6690.475--0.9420.021\<4≥4Number of total involved nodes0.8730.613--1.2440.0040.7120.505--1.0030.049\<2≥2Planned radiotherapy2.3061.459--3.645\<0.0012.8141.759--4.503\<0.001YesNo

In the multivariate analysis of all patients, as shown in [Table 3](#T0003){ref-type="table"}, the number of chemotherapy cycles (≥4 vs \<4), the total number of lymph nodes involved (\<2 vs ≥2), and planned radiotherapy had significant effects on OS and PFS.Table 3Multivariate analyses of PFS and OS according to baseline characteristicsVariablesPFSOSHR95%CI*P*-valueHR95%CI*P*-valueAge(years)0.9440.602--1.4820.8030.8500.544--1.3310.478\<60≥60Smoking status0.9010.187--4.3480.8970.8110.160--4.1240.801Never-smokerPrevious or current smokerEGFR mutations0.8100.499--1.3140.3930.7040.430--1.1540.164MutantWild typeType of surgery1.5110.982--2.1450.0741.3320.759--1.7840.053LobectomyPneumonectomyCycles of POCT1.5550.863--2.8020.0421.4320.808--2.5370.002\<4≥4Number of total involved nodes1.1130.236--4.2430.0021.0890.222--4.3430.017\<2≥2Planned radiotherapy2.2421.405--3.5780.0012.6761.654--4.327\<0.001YesNo

The median PFS of the PORCT groups was significantly longer than that of non-PORCT groups (group A vs C: 20.0 vs 12.0 months, *p*=0.023; group A vs D: 20.0 vs 14.0, *p*=0.002; group B vs C: 18.0 vs 12.0, *p*=0.021; group B vs D: 18.0 vs 14.0, *p*=0.002). The median PFS of the EGFR mutant groups was not significantly longer than that of EGFR wild-type groups (group A vs B: 20.0 vs 18.0, *p*=0.314; group C vs D: 12.0 vs 14.0, *p*=0.813) ([Figure 1](#F0001){ref-type="fig"}). The median OS of the PORCT groups was longer than that of the non-PORCT groups (group A vs C: 32.0 vs 20.0 months, *p*=0.007; group A vs D: 32.0 vs 20.0, *p*\<0.001; Gro group up B vs C: 28.0 vs 20.0, *p*=0.017; group B vs D: 28.0 vs 20.0, *p*\<0.001); these differences were statistically significant. The median OS of the EGFR mutant groups was not significantly longer than that of the EGFR wild-type groups (group A vs B:32.0 vs 28.0, *p*=0.166; group C vs D: *p*=0.927) ([Figure 2](#F0002){ref-type="fig"}).Figure 1Kaplan-Meier progression-free survival curve.Figure 2Kaplan-Meier overall survival curve.

Compared with that of patients who underwent other types of surgery (mainly lobectomy and bilobectomy), the overall survival rate of patients who underwent pneumonectomy was lower, both in the group that received PORCT and in the group that did not receive PORCT.

Discussion {#S0004}
==========

Patients who underwent complete removal of stage IIIA (N2) NSCLC are at risk of local and distant recurrence[@CIT0007] Adjuvant chemotherapy has been accepted as a part of the standard postoperative treatment of patients with NSCLC, including those with N2 disease.[@CIT0017]--[@CIT0020] In recent years, with the significant improvement of technology, the simulation, planning and delivery of radiotherapy have been optimized. These improved techniques are useful for adjuvant radiotherapy in patients with completely resected NSCLC. Zou et al[@CIT0020] believe that radiotherapy combined with chemotherapy can improve the survival rate of patients. One of the most representative articles in the previous study was that from Lally et al[@CIT0021], who retrospectively analyzed the treatment results of NSCLC patients over 21 years old in the US SEER database from 1988 to 2002. After excluding patients with stage I or IV disease, with an unclear disease stage, and with N3 stage disease and surgical patients who died 4 months later, a total of 7545 patients were included in the analysis; 47% of the patients received postoperative radiotherapy. The results showed that, compared to no radiotherapy, the use of radiotherapy after surgery increased the 5-year overall survival rate from 20% to 27% for patients with N2 disease and reduced the risk of death by 14.5% (*p*=0.007), which was statistically significant. A randomized trial from Mayer et al evaluated the role of adjuvant radiotherapy in 155 patients with completely resected stage IB to IIIA NSCLC. All patients underwent modern conformal radiation treatment, which administers 50Gy in pN0 disease and 56Gy in pN1 and pN2 disease. The results showed a significant increase in terms of local control with PORT compared to without PORT.[@CIT0022] However, there have been many previous studies in which the results have not been satisfactory. It has also been shown that PORT causes an increase in the number of deaths unrelated to cancer. Radiation toxicity, in the form of pneumonia, esophagitis and cardiotoxicity, is the leading cause of treatment-related mortality. This is currently believed to be due to old-fashioned radiotherapy equipment, techniques and scheduling.[@CIT0023] At present, with the improvements made to radiotherapy equipment and personnel technology, the number of deaths caused by radiotherapy and unrelated to cancer has been greatly reduced.

In this study, postoperative radiotherapy, younger age, lobectomy, smaller tumor diameter, and lower number of positive lymph nodes were all suggested as independent factors for better prognosis for patients who underwent removal after N2 radical surgery. Due to the large number of samples analyzed by Lally et al[@CIT0021], their conclusions deserve our attention, suggesting that postoperative radiotherapy can improve the survival rate of N2 patients. Recently, Corso et al[@CIT0024] searched the National Cancer Database to find 30,552 stage II\~IIIA NSCLC patients who received postoperative treatment. The 5-year OS was significantly improved in the N2 patients, and postoperative radiotherapy had a significant impact on the OS. Patients who received 45\~54Gy had a greater benefit than patients who received other doses; the 5-year OS for patients who received 45\~54Gy was 38%, but patients who received higher than 54Gy had the same 5-year survival as those who did not receive PORT. The range of surgical excision, extent of lymph node dissection and dose of radiotherapy affected the curative effect of postoperative radiotherapy. The RTOG standard recommends that radiation therapy be started within 9 weeks of surgery, but the precise timing remains to be studied. Our results are consistent with the abovementioned results. Furthermore, we also analyzed the effect of EGFR mutation status on patient survival. EGFR mutation status was not an independent factor that influenced long-term survival, which is consistent with the results of previous studies.[@CIT0025],[@CIT0026] We hypothesized that EGFR activation mutations cause tumor cells to proliferate faster than normal. On the one hand, the cells with EGFR mutations are highly sensitive to treatment (including EGFR-TKIs, chemotherapy, and radiotherapy), and the treatment shows high efficacy. On the other hand, EGFR mutations make the tumor cells highly invasive and prone to metastasis, and metastases may rapidly develop once the disease progresses, thus offsetting the survival advantage.

In this study, the multifactor analysis showed that the number of chemotherapy cycles and the number of metastatic lymph nodes were independent factors that influenced long-term survival. This study suggests that postoperative radiotherapy and chemotherapy were beneficial to stage IIIA (N2) NSCLC with multistation metastasis. In terms of reducing the recurrence rate and improving the disease-free survival rate, postoperative radiotherapy was of positive value to N2 stage multistation metastasis.

Conclusions {#S0005}
===========

Our analysis shows that in patients with NSCLC classified as N2 nodal disease, OS and PFS could be improved by adding PORT to chemotherapy and administering chemotherapy for more than four cycles. Our analysis shows that in patients with stage IIIA (N2) NSCLC, the OS and PFS can be improved by combining chemotherapy with adjuvant radiotherapy and administering chemotherapy for more than 4 cycles. PORT can improve the survival rate and local relapse-free survival rate in patients with N2-positive multistation lymph nodes. The EGFR mutation status was not associated with long-term survival. Therefore, the efficacy of chemotherapy combined with radiotherapy indicates that this treatment method should be widely used in the clinic. However, due to our small sample size, further evaluations of patients with N2 non-small-cell lung cancer undergoing surgical resection with EGFR mutations are required for clinical research and exploration.
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Abbreviation list {#S0006}
=================

NSCLC, non-small cell lung cancer; PORT, Postoperative radiotherapy; OS, overall survival; EGFR, epidermal growth factor receptor mutation; ROCT, Postoperative chemotherapy; TKI, tyrosine kinase inhibitor; PCR, polymerase chain reaction; CT, computed tomography; MRI, magnetic resonance imaging; WHO, World Health Organization; PS, performance status; CTV, clinical target volume; PTV, planning target volume; FDG-PET/CT, fluorodeoxyglucose positron emission tomography computed tomography.
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